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ABSTRACT

This paper analyzes and explains the Work Items related to the NTN (Non-Terrestrial Network) that are
standardized in 3GPP Release 19. It also conducts an analysis of the reasons necessitating standardization for
each Work Item and explains the expected effects based on the results of this analysis. Additionally, it
provides an overview of the NTN-related technologies standardized in 3GPP Release 17 and Release 18. It
delves more deeply into representative Work Items proposed for NTN in Release 19, such as regenerative

payload, uplink capacity/coverage enhancements, downlink coverage enhancements, and mobility enhancements.
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E 1. Release 19 NTN ¥ WI
Table 1. Release 19 NTN WI

4)3= 3GPP Release 182] BIA|A; U ES = E2] 7|3
gt 253} F3kS ApAIs] Asisil = ol =
|41+ 3GPP Releasel7 BIAA} U ES=2] AJg]ef|
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E3] 2023 99l 7lZ= 3GPP RP(RAN Plenary)
#101 & 2ol #Qkel WIS-S 7|ko 2 NTNS| 24l
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B =Fol|x]E= Release 19 ©]H 2] NTN, = Release
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3k} 7L ¥ Release 19911419 WIZ Aokl Ul-8-Ell
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- Regenerative payload®] 37}4] AJv}g]

- Regenerative payloadE A3 A] &

il

(e}
- Feederlink §lo] % EE NGSOE©| regenerative® 52817 &

CAICT, CATT,
CEWIT, China Mobile,
Docomo, Ericsson,

EE
[13], [14],

Regenerative Ak Huawei. Inmarsat [15], [16],
- RedCap UE with 1Rx antenna®} FD-FDD/HD-FDD -5=}of o L ’ [18], [19],
Payload g w3 Interdigital, Lenovo, 211, [22.
- F3}5 AFSTI9S Ku band(DL: 10.7~12.75, UL: 12.75~13.25 liwidlatek}.NOlS“a’ Qc, [24]
& 13.75~14.5)2 A2t e lance 7o, Samsung,
- 3MHz channel BW A& 7t Xiamont, ZTE &
- Handheld 522 PUSCHY] data rateS 4.5~7kbps ©]4} &3
- NOMA (Non-Orthogonal Multiple Access) ®4]& #l|atale] Z7|
s 7kl vkeke A4 CATT, Docomo, [14], [16]
UL capacity/ | -+ OCC(Orthogonal Cover Codes) WM& o]-83}o] UL #}1¢] & | Huawei, Inmarsat, QC, ’ >
coverage 73]l multiplexing A3t Reliance Jio, Samsung, [[1179]]’ [[12§)]]’

- UL 7¥e]7] gdje] darde A9

- HPUE(High Power User Equipment)S At
- PC(Power Class) 1.5 ozt w3kgt A3} oA

SKT, Viasat &

=

- Release 18941 DL A|72de] A%

DL coverage

A2 S At

performance s 913l 7ol Bagk A L Ad AHOJE Algk

- Beam Hopping< ©]-8-8] &84l Beam Management3 At

- PDCCH repetition, CORESET symbol 4, DCI payload size
%4F ©|-83] PDCCHS| 7AH2|#] &x+& Ak

- PDSCH repetition, Channel Estimation 7418 o]&3l PDSCH

- PagingS- 98} dedicated channel ARE-S- Al|QF

o
=
A
dTE warget |\ CATT, CEWT,

China Mobile, Docomo, | [13], [15],
Ericsson, Huawei, [16], [18],
Inmarsat, Interdigital, [19], [21],
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QC, Samsung, VIVO, [24], [26]
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- mlE] A 2 IndexE 7MECE A#sh= A=ow Ak
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PaMS Tz : , [23],
208 = Lenovo, Mediatek, [25]. [26]

- Conditional ;=9me] A3} 7hx

- PRACHE %3] TA(Timing Advance)E 3+ WS Alg

- PCI(Physical Cell ID) W% $l& soft switching Al S At
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ZTE &
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Release 174 AAtell  $x|8F  7]X]=(gNB:
gNodeB)°| 35l $1%|3+ $14do1 HAPSE S717]
A= AFg3}e] dlo]e]E %Sl Transparent Payload
WARES 3538} diew ok

NTNel| AR S5 & 29} Atk o] &
Release 17914+ 3% 600kmell $]x]8h= A 4= ¢
XS 7Mke& 3w, FDD(Frequency Division
Duplex) W& 7|HEC 2 3= WIE©] Alqk=] oiei?.
o] HAPS'} ATG(Air to Ground)®ll4] TDD(Time
Division Duplex) W2]o] A}8o] B7}53lc)= 52 o}
U} arwe} F2Ee] 54l we duplex WHAe] 24
Hrl Fopgos ke GNSS(Global Navigation
Satellite System) 7]s°] ®A=91, PC3(Power
Class 3)= A|131= handheld sHd7]ol] gt X|{=
aslde) o)} -2 F715l Release 17 3P}
Alegslar, 2pAIRE W82 ofefjellx] AlF e Adrdgict
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Table 2. NTN Platform

37} NIN S35 713 =]l =93}17]el prop-
agation delay”| %3] Aozic) 1ol we} 71E A3
wke] vkl o 7 DL} ULZ} frame alignmentS 257
7} B3, o]& $180 Timing Advanceel] thgh Al

= A7t o] Folx

72 o]f-2 HARQ(Hybrid Automatic Repeat re-
quest) ZEA2~8] 7} F7}gch HARQ ZEA| =
feedbacke] 27| A7}A] zjAREo] B7Fsdte] d<44
ol HARQ %148 9138 HARQ Z A 425 7129
167014 327012 S A7 eE o2 HARQE
feedbacke] 24| ¢35 73-F- throughput #1315 oF7]A]
7|+ stalling #402 7155 5= 9lrk o]o| ulz} NIN
oA g4l ujel shito] HARQ feedbackS XA
24 HARQ feedback disabling 7]5°] == i)

Layer 2°l 43= MAC(Medium Access Control)
A%, RLC(Radio Link Control) 7|2 PDCP(Packet
Data Convergence Protocol) A&l ARSsl=
Window$} Timer W52 TN th2A) wzdslsichsh
L 10 Z2x1ef] 2 gh A7te] Ao Aol we} 7] TN
oll4] AH831 Window 3-8 57FA1713L Timer®] A2}
AE E3oh W ES A 7 Adsakgel dash
WSl A= =2 7|2 =7k RTT(Round Trip
Time) RHF Floll A2ele wiete] AH=i=|glc). o3k
Hleke 2 RAR(Random Access Response) window,
RA(Random Access) Contention Resolution Timer,
DRX(Discontinuous Reception) A3 u] HARQ
RTT(Round Trip Time) Timer”} Z-&-=| it} vh ol
whie] ExpAQl 525 $18] d.2’ Timerd] 7-$ll
= F4E F8l NIN ASS dixsp71= Aot 2
#]¢]|%= RRC(Radio Resource Control) AJZ=¢l|x] NTN
< %138t SIB19(System Information Block 19)°ll tgt
2], NTN config7} A2]=|glcf!l, ]2} zro] Release
17°] NTN 7]% NTN 75 913+ 27| <ol sl<
3b NTN2 913 7]9ks o= A17]%iek

NTN ==& T e A= Footprint =7]
GEO(Geostationary Earth Orbit) A5 FAo7 AAF =o](elevation) 2} ~
P 35,786 km 18] 2Hazimuth)ol] A% 9] 200 ~ 3,500 km

MEO(Medium Earth Orbit) $J43 7,000 ~ 25,00 km

AF5 A= FA 100 ~ 1,000 km

LEO(Low Earth Orbit) $]4 300 ~ 1,500 km A= FAlog A 100 ~ 1,000km
. 2| LE ZA) 6 A E o ion)<]
UAS(Unmanned Aircraft System) 8 ~ 50 km 75 $Alow A |(elevation) <} 5 ~ 200 km

4F

uk2]ZHazimuth)oll 24 E 9=
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Msg4 HARQ-ACKE $]&F PUCCH(Physical Uplink
Control ~ Channel) 7HA¥}  RANI1e4] 1%
PUSCH(Physical Uplink Shared Channel)Z $I3F
DMRS(Demodulation Reference Signal) bundling 7}
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Release 189141 10GHz © 1 F3}5= tjd <l 4] NR

_l

o=
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- GSO®} NGSO 7|k 914 541S 714
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UL—O__ O/HX—LE J._Eq

- 10GHz °e] Fa15= 2 ReZ s1gs)
v, 72 tj9elx<] TDD E'_‘:_l;— g] FR2E 23]

ARE-

- ITU-Re|A] A2Jgt Ka WIEE 7|50 AR

- NTN ®WR=e} TN Wh=rp AAA whAlshs 352
o WIdllA] HljA|

oo} A2 AlueleE 7Mke® 20221 64
RAN4elM= 2AA] EF3p71 218)=sick

S, NTNS 913 A3 tfol] gk A7} o] 7o

ek ITUCIA] 3 Ka W=r) 7)oz aeEgle
v, 71422 deployment type, Al1}2]L, ITU-R ¥
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sgg]cﬂx:]. %};ﬂ ];HE] AlE tede] AA3E) A &
Al node®} T}FgE VSAT UE classell tigh 5541 A%

S LACEREEY xuswu} oo R 13}
FR 29] ¥2] 7% 3 o] sefrle]
Eo] oA BE Eloln 1}74] ML $1% K offset,
10GHz °|4 595 v|*J°] FDDE $|§ PRACH
(Physical Random Access Channel) configuration in-
dex S°] 2}

v E] =0 ]st To] 913 752 whde] v|EH]
ol Bl 914 XS vEHZ TellA] s A Ro}
g ol thal) 55 sk ZE 2vidich ARt
GNSSE 53l Fi3 912 ARs A 8, o]
Z o 7 Abo|gk PLMN(Public Land Mobile Network)
£ H A48 plal V91 el ks o

otk NIN9| 322 =2 <l3) w2 A4S 2] el
ofg] w7tell AA ApE AlFshs A% ok =
A ellx] o]of ZE2- Abto] WIS 7§- ARgAbE
A&allof 3 o] UlES =l A&e] ErFssl A=
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. Release 199 NTN

2 Aol A= Release 192] NTN %3} 53]
sl Awdgict 20231 d 9ol 7H2]% 3GPP RP#101
3)oe]] Ak WIS 7|HEe& =17 479 Ho & v}
o] drdglc}. AA) = Regenerative Payloade]t}. 7]
Z Release 187}%]¢] NTN-2 Transparent Payload&-
7IRkeR #5537} A18)% Wi Release 199114 252
= Regenerative Payloadell W8t %737} #18)=] o]
of| gk WIS Adwgic) A= UL S5} Au=]=]d]
I a3t /W3S thETh 7188 NINS| U2 UL $382
2 s whAiek B 5-3dAkel] ol PUSCH repetition®]
Ao 2 o] & FlAgl o) A8stE $lsiMe o143
HEZE A58 Hofr) 22 Qs Release 1994
olg] Aks 53 o Azt gk A= DL
Arfe|z|o]ct. Release 18014 #13k A A1 A3}
Clutter =43} Shadow Fading <=2 <l3l DL Al=d
oA Az3F Adso] WA, o F s3] 24l
Release 19914 #|oF WISl tisf] Adwgic}. wkx]=t
= NTN®| mobility 7315 913+ 2122 NTN9| 4
Q] AF8-3}e]] 2FA feeder link®] switch overe) I
slod A|7'd¥] overhead S|4 HEAS Ed £
2 XS B3l Widl His) Adwg)

3.1 Regenerative Payload

7]% Release 187}A]¢] NTN-> L5 Transparent
Payload(¥:+= mode) & 7Fd3tal 5315 #1383k
Release 19¢ll41:= #42] 7|7 5l] A ow 53t
%+ 21+ Regenerative Payloadel] tl3l %553} #1308
LAsh= WiSo] Qe ¥l Regenerative Payload=
RF filtering, Frequency conversion, amplification,
modulation/demodulation, coding/decoding, switch-
ing, routing®] 71°6~& NTN node°l|4] $=3lgkc} &, A
#ke] oNB 71%2] it = AAS A3 5 glck

a3 13} 23 2% 24 Transparent payload<}
Regenerative payload 7|4Fe] BAIT-2E A3} 7]
oltk 231> A|Ake] gNB7} NTIN gateway S &3] 1]
A7 node¢} dAde] = Wb, 27 26X WA
node #FA7} gNBe] &J3he- 3}

o] Z ¢l3l] Regenerative payload®] 3O 2= 7]
feeder link®}e] T3 718 wefst A or) glol 5
sl T84d0] £, feeder link®] Aol wlz} RTT7}
ZolErt A Hal A4 gatewayell Hizt SE=E
ZFola, A =5 oA throughput ZHe] &3}
742 7]k,
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Remote Radio Unit

: @ﬁHq

NTN Gatewiay

56C
=1 Data
. Network
NG Radia Access Network

% 1. Transparent payload 7]Hke] B4l 3
Fig. 1. Architecture of Transparent payload

5GC Dot
ata
NG ING N
4 ¢ e - Network
NTN Goleway
NG Radio Access Network

3| 2. Regenerative payload 7]uke] £A4l 73
Fig. 2. Architecture of Regenerative payload

Regenerative Payload WA]e] §Al FHFAow
Full Duplex Frequency Division Duplex(FD-FDD)<}
Half Duplex FDD(HD-FDD)Z =5 %l ajo} gt}
2y 35 TR, FD-FDD9} HD-FDD2] 7}

& 2}o]3 2 2= FD-FDD+= UL} DL Aol A
%3 4= 9li= "k, HD-FDD+= TDD} |53 g
%7kl DLelv} UL & 3shtel Azt 7pssich
-FDD= UL 5942} DL S Ajole] 7h= wile
(guard band)7} & 7350l EEH Q) $541S 7V s3)
A #FEk FoPeR whie)| duplex filter7} E 2314
ogol Falo] zidaiel weba, o] W22 RedCap
(Reduced Capability)®} 7Fe] Al ebd-S- $Jgk =7
olc.

Regenerative Payload”} &gl wl2} NTN A}
2]23= Full gNB type, DU(Distributed Unit) type,
NCR(Network Controlled Repeater) type 22 ZA| 1}
A #c} 7A] Full gNB type2 EE gNBY| 7152
4 HellA siEsk= Alvke]eelch &, o o A4t
©] 71A) 5ol )& P& gle] NTN node S540 2
ARE 248 Algd 4 35 2IvIgit) DU type
AlH2] 23 CU(Central Unit)< #|4ell, DU $14l
FA5le] Fl interface s ©]-4-3ll CUS} DUZL SA13H=
AL oJulgict. 9147 22 NTN nodeellA] 7|42
BE 7les Y = AL s Ad]ent -l
w]o1% MAC A5} RLC 7|52 NTN nodeeil4] #]2]
3}7] ul<Zell RTD(Round Trip Delay)7} &% %o}zl
t}. HARQ<®} ARQ(Automatic Repeat request)S |4+
7]1#]1%0] obd NTN nodedl|*] A2]5}7] wjtolc}. v}
A2k S 2 NCR type< 7]22] transparent payload=}
FUg o R BE gNB 7|50] Al 91213 714
FollA] AdE = Aue] E 2]v|gitt =) NCR type
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=/ 3GPP Release 1929 W24 V|ES = 7|4 /|8

ollXd:= NTN node”} NCR¥} #ro] #l|oi7} 71538 A
7] AL FIgic

Regenerative Payload®] A8 F3= dld o 2= 7]
Zolli= Ka ™9(26.5~40GHz)-- 10GHz ©]% thd<]
71E4 o7 AREE SR RE Ku tH(12~18GHz) &
7102 AKIcH . DL-S 10.7GHzol4] 12.75GHz,
UL 12.75GHzell4 13.25GHzS} 13.75GHzellA
14.5GHzE <A-73ted 7+ 7P, Ao iAol A7}
HE A =2 Fell slrk

3.2 UL Capacity/Coverage Enhancements

3GPPeAE Release 18714 NTN2| H-& UL 711
A5 S8 A5 TSt 35355 At s
wk S £4 AH(Tx Power)d gHElL} gain 2 Qs
UL<] data rate<> 3kbps©ll4] 4.75kbps A== )}
ojo} o] 2 A58 B3l o]f-= Clutter <A Wl
olel. L& <l4) Release 18141+ LoS(Line of Sight)
“d&kellAl9] 1200km AHE-2] LEO #1435 7Hdste] &
312 #l8dslsick Repetitiond E3 H2A 8w UL
5 Askela AR E W8l v, a2 Qls Tl
F-54d0] Wolx] UL 855 H3ltk 7= ylojzl
AR 2 lsl] shte] 914 ddshe AMSA} v
woAAl H9lar, Fuk 242 o] "olAA Hsick

o]e} 7+L- o|f-E Release 1994+ UL S8k
Fo]7] $13F Al’kEe] Work Itemel] 2Z3kwo] glck A
A, UL data rate2] 7§A1e|cP. Handheld sH-S- tiAb
© 2 PUSCH¢I|4]2] data rate 4.5~7kbps A S &
E 2 g} A Anl]R]ol] AZRS- L repetitionS A}
43l UL &5 27, ole} 558 7l s
=3 & 3t} B4, UL access capabilitys 57171tk
7142l UL access AHd s 53 o] w2 g
F83)31, o] =2 data rateS A|F3T) o] E 23k 7]
%2+ NOMA(Non-Orthogonal Multiple Access)2}
e 7NeE o 88l 2] AEE sk WAE ARt
B mix]whe 2 OCC(Orthogonal Cover Codes)S
0]831= uho |8l ke code rate] A}l OCC
£ o]g3pH %2 RB(Resource Block)E A8-3le] o
2 tholl Al multiplexingS- & = 3lc}. o] Alve] L
£ 53l & 10vl9] UL €585 45 5 ik oCcCE
o]-g3l =Ale] glo] Hd 7o) =hd7kA] A1%
gle] low code rateol A+ A5 wWs}el| 7cst o dko]
hep

ULS| el Sel] 919w Alskssich
Release 1894 UL AWHAZ E2]7] 93 Alve]l 2
£0] =2=ARE, 253 NTN systemeol] 385 &

4 gl wpajolek. wfel] FE3H= NN systemell 7}
A AL ks v Z82 0% UL AMERE
she WS whde] Tx powers S7MA7]e Zeolrh
11819 " o]2{3F HPUE(High Power User Equipment):
7] LTESIA = AR85 nhgelel. 541 A=) A7|&5
o] = ol 7PE =9, Edelv vHrek
A Aol eSS s 5 sl "ok

ole]l wle} WIell4+&= FR1 WE=e] ds] 7]& PC
1(Power Class 1)3} PC 2(Power Class 2) Al]2] PC
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9} e AARE DLoA . HAYE 5= 9l 3, NTN9| A
43} 918 DL AHe|A= 2% 94 ol st
0]7] ulsiol| Release 19°l4+= DL AH=]=] 7R =
=2]7} 218} Fo|t} Release 1841 PDSCH(Physical
Downlink  Shared Channel), PDCCH(Physical
Downlink Control Channel), SSB(Synchronization
Signal Block)ell W&k 453717} o] Fo1xlar, 7] el
% vl o] AR, AL8SH= T o]
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12| 3. Beam Hopping Al1}2]2-
Fig. 3. Beam Hopping Scenario
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3.4 Mobility Enhancements
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Fig. 4. PCI Unchanged Switch over Scenario
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